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Abstract 
 
The hydrotalcite minerals stitchtite, iowaite and desautelsite together with the arsenate 
exchanged takovite and arsenate exchanged hydrotalcite have been studied using 
near-IR reflectance spectroscopy.  Each mineral has its own characteristic NIR 
spectrum enabling recognition of the particular hydrotalcite.  As such the technique 
has application in the field for the analysis and identification of hydrotalcites. 
Hydrotalcites have proven useful as an anion exchange material. Takovite and 
hydrotalcite were used to exchange carbonate anions by arsenate.  
Three Near–IR spectral regions are identified: (a) the high wavenumber region 
between 6400 and 7400 cm-1 attributed to the first overtone of the fundamental 
hydroxyl stretching mode (b) the 4800-5400 cm-1 region attributed to water 
combination modes of the hydroxyl fundamentals of water, and (c) the 4000-4800  
cm-1 region attributed to the combination of the stretching and deformation modes of 
the MOH units of the hydrotalcites.   NIR spectroscopy enables the separation of the 
hydroxyl bands of the water and M-OH units for the hydrotalcites. Compared with the 
NIR spectroscopy of the structural units of the hydrotalcites namely gibbsite and 
brucite, the bands are broad.    
 
Keywords: stitchtite, iowaite, desautelsite, takovite, hydrotalcite, near-IR 
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Introduction 
 
A group of minerals exist which are known as hydrotalcites or anionic clay. 
These clay minerals are often of a very small particle size. It has been said that the 
minerals are rare, but such a comment is questionable since large deposits exist in 
Australia. Hydrotalcites are found in deposits of minerals in Australia where 
paragenic relationships between minerals exist. The discovery of large amounts of 
natural hydrotalcites  at Mount Keith in Western Australia means that these minerals 
could be mined for specific applications [1] Anionic clays, hydrotalcites or layered 
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double hydroxides (LDH) are less well-known and more diffuse in nature than 
cationic clays like smectites. In fact anionic clays are electrostatically the inverse of 
smectites.  Smectites carry a negative layer charge and so are counterbalanced 
electrically by positive cations whereas the hydrotalcites are positively charged and 
are counterbalanced by the negative charge of anions [2, 3]. The structure of 
hydrotalcite can be derived from a brucite structure (Mg(OH)2) in which e.g. Al3+ or 
Fe3+ (pyroaurite-sjögrenite) substitutes a part of the Mg2+.  This substitution creates a 
positive layer charge on the hydroxide layers, which is compensated by interlayer 
anions or anionic complexes. Hydrotalcites such as pyroaurite are trigonal carbonates 
whereas the manasseite group including sjögrenite are hexagonal carbonates. In 
hydrotalcites a broad range of compositions are possible of the type [M2+1-
xM3+x(OH)2][An-]x/n.yH2O, where M2+ and M3+ are the di- and trivalent cations in the 
octahedral positions within the hydroxide layers with x normally between 0.17 and 
0.33. An- is an exchangeable interlayer anion.  Many variations in compositions have 
been reported for hydrotalcites.  One of the variations in cations comprises takovite in 
which Mg is replaced by Ni.  
 
Infrared (IR) and rarely Raman spectroscopic studies of hydrotalcites with 
different cations, the anionic pillaring of hydrotalcites and the thermal decomposition 
of hydrotalcites have been reported, but mainly for the study of exchangeable anions.  
The IR spectra from hydrotalcites with Mg partly or completely replaced by Ni, Co, 
Mn and Zn have been reported [4-6].   Recently a relatively detailed assignment of the 
IR and Raman spectra of (Mg,Zn)6Al2(OH)16CO3.nH2O at 25°C and in-situ during 
heat-treatment by applying infrared emission spectroscopy have been described [4-6].  
In an additional paper the IR spectra of Mg-, Ni- and Co-hydrotalcite with detailed 
band assignments were reported [7].  Further studies have examined the structure of 
the hydroxyl surfaces and analysis of these surfaces for assembly of specific cation 
hydroxyl groups studied [8, 9]. In this paper we report an extended Near-IR study of 
the well-defined synthetic and natural hydrotalcites.   
 
2. Experimental 
2.1 Synthesis of hydrotalcite 
 
The hydrotalcites with theoretical compositions of Mg6Al2(OH)16CO3.nH2O,  
Ni6Al2(OH)16CO3.nH2O and (Mg,Zn)6Al2(OH)16CO3.nH2O were synthesised 
according to the method described before by Kloprogge and coworkers for the 
synthesis of three-metal hydrotalcites (Mg,Zn)6Al2(OH)16CO3.nH2O. This method 
comprises the slow simultaneous addition of  a mixed aluminium nitrate (0.25M)-
magnesium nitrate (0.75M) aluminium nitrate (0.25M)-nickel chloride (0.75M) or 
aluminium nitrate (0.25M)-zinc nitrate (0.75M), solutions and a mixed NaOH 
(2.00M)-Na2CO3 (0.125M) solution under vigorous stirring buffering the pH at 
approximately 10. The products were washed to eliminate excess salt and dried at 
60°C.  The arsenate exchanged takovite and hydrotalcite were formed by ion 
exchange of the carbonate by arsenate from an arsenate solution. Samples were 
analysed using ICP-AES techniques for chemical composition, and by X-ray 
diffraction for phase purity. 
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2.2 Infrared and Near-infrared spectroscopy (NIR) 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell.  Spectra over the 4000 to 
525 cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 
cm-1 and a mirror velocity of 0.6329 cm/s. Near IR spectra were collected on a 
Nicolet Nexus FT-IR spectrometer with a Nicolet Near-IR Fibreport accessory.  A 
white light source was used, with a quartz beam splitter and TEC NIR InGaAs 
detector.  Spectra were obtained from 11 000 to 4000 cm-1 by the co-addition of 64 
scans at a resolution of 8cm-1. A mirror velocity of 1.2659 was used.  The spectra 
were transformed using the Kubelka-Munk algorithm to provide spectra for 
comparison with absorption spectra.  
 
Spectral manipulation such as baseline adjustment, smoothing and 
normalisation were performed using the Spectracalc software package GRAMS 
(Galactic Industries Corporation, NH, USA). Band component analysis was 
undertaken using the Jandel ‘Peakfit’ software package which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Band fitting was done using a Lorentz-Gauss cross-product function with 
the minimum number of component bands used for the fitting process. The Gauss-
Lorentz ratio was maintained at values greater than 0.7 and fitting was undertaken 
until reproducible results were obtained with squared correlations of r2 greater than 
0.995.  
 
3. Results and discussion 
 
 Hydrotalcites by their very nature lend themselves to near-infrared 
spectroscopy. NIR is well known a proton spectroscopy and consequently 
hydrotalcites consisting of a modified brucite like structure with hydroxyl surfaces are 
an ideal mineral for studying by NIR.  The NIR spectral region is the region from 
4000 out to 10, 000 cm-1. The region may be conveniently divided into sections 
according to the origin of the spectral phenomenon. Three Near–IR spectral regions 
are identified: (a) the high wavenumber region between 6400 and 7400 cm-1 attributed 
to the first overtone of the fundamental hydroxyl stretching mode (b) the 4800-5400  
cm-1 region attributed to water combination modes of the hydroxyl fundamentals of 
water, and (c) the 4000-4800 cm-1 region attributed to the combination of the 
stretching and deformation modes of the MOH units of hydrotalcite.  In this work two 
groups of hydrotalcites have been analysed (a) three hydrotalcites named as stitchtite, 
iowaite and desautelsite and (b) two synthetic hydrotalcites based upon arsenate 
anions in the interlayer. Each of these minerals has the potential for the removal; of 
anions from soloution. 
 
 The NIR spectrum of  stitchtite, iowaite and desautelsite in the first OH 
fundamental region are shown in Figure 1.  The results of the band component 
analysis of the spectra are reported in Table 1.  The first observation that can be 
reached is that the spectra of these three minerals in the 6000-7500 cm-1 region are 
different and each mineral can be characterised by its NIR spectrum.  Such an 
observation has implications in the search for minerals using remote sensing.  The 
NIR spectrum of stitchtite (Mg6Cr2CO3(OH)16.4H2O) shows a broad profile with 
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inflections at 7200 and 6800 cm-1.  Bands are observed for stitchtite in this spectral 
region at 7246, 7151, 7069, 7017, 6890 and 6633 cm-1.  The spectral profile is 
complex because of the number of fundamental OH stretching bands which will 
combine/double to provide bands in this region.   
 
In brucite type solids, there are tripod units M3OH with several metals such as 
M, M’, M”.  In hydrotalcites such as those based upon Mg and Ni of formula  
MgxNi6-xCr2(OH)16(CO3).4H2O, a number of statistical permutations of the M3OH 
units are involved.  These are Mg3OH, Ni3OH, Cr3OH and combinations such as  
Mg2 NiOH, Ni2MgOH, Mg2 CrOH, Cr2MgOH, Cr2 NiOH, Ni2CrOH, and even 
MgNiCrOH.  These types of units will be distributed according to a probability 
distribution according to the composition.  In this model, a number of assumptions are 
made, namely that the molecular assembly is random and that no islands or lakes of 
cations are formed.  Such assembly is beyond the scope of this work but needs to be 
thoroughly investigated.  In the simplest case namely Mg6Cr2(OH)16(CO3).4H2O the 
types of units would be Mg3OH, Mg2CrOH, MgCr2OH and Cr3OH.  A similar 
situation would exist for the Ni6Cr2(OH)16(CO3).4H2O hydrotalcite.  In a somewhat 
oversimplified model, for the Mg6Cr2(OH)16(CO3).4H2O hydrotalcite, the most 
intense bands would be due to the Mg3OH and Cr3OH bands.  Figure 2 shows the 
infrared spectrum of the hydroxyl stretching region of stitchtite, iowaite and 
desautelsite.  In the case of stitchtite, a broad profile is observed and component bands 
are observed at 3618, 3529, 3408, 3220 and 2960 cm-1. Thus in the case of stitchtite 
all of these OH stretching vibrations observed in the mid-IR will combine to 
contribute to the intensity in the NIR spectrum of stitchtite in the 6000 to 7500 cm-1 
region.   
 
 The difference between stitchtite and iowaite is the anion in the interlayer.  In 
the case of iowaite (Mg6Fe2Cl2(OH)16.4H2O)  the carbonate has been replaced by 
chloride anion and the trivalent cation Cr is replaced by Fe3+.  In terms of hydroxyl 
units the structure of iowaite is similar to that of stitchtite.   NIR bands are observed 
for iowaite at 7250, 7191, 7080, 6857 and  6595 cm-1.  In comparing the intensity in 
this region of the first fundamental overtone, the intensity seems much greater in the 
7200 cm-1 region for iowaite compared with that of stitchtite.  The infrared spectrum 
of iowaite in the OH stretching region shows bands at 3700, 3674, 3626, 3545, 3421, 
3281, 3058 and 2769 cm-1.  The spectra are like a continuum of states with several 
overlapping bands. Only the band at 3700 cm-1 is differentiated in the profile from the 
overall profile.  The mineral desautelsite ((Mg6Mn2(CO3)(OH)16.4H2O)  is similar in 
formulation to that of stitchtite. The difference is that the trivalent cation Cr3+ has 
been replaced by Mn3+.  The NIR spectrum of desautelsite shows a broad profile 
which simply reflects the profile in the OH stretching region.  Bands are observed at 
7082, 6939, 6788 and 6557 cm-1. In the hydroxyl stretching region of desautelsite, 
bands are observed at 3616, 3520, 3403, 3261, 3127, and 2839 cm-1. The combination 
of these bands provide the first overtones in the NIR spectrum of desautelsite.  
  
 The NIR spectrum of two synthetic hydrotalcites of formula ((Mg or 
Ni6Al2(AsO4)(OH)16.4H2O)  are shown in Figure 3. These two hydrotalcites are based 
upon the formulation of takovite ((Ni6Al2(CO3)(OH)16.4H2O)  or hydrotalcite 
((Mg6Al2(CO3)(OH)16.4H2O)  except that the interlayer anion carbonate has been 
replaced with arsenate anion. It is envisaged the reaction is as follows: 
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((Ni6Al2(CO3)(OH)16.4H2O)   + (AsO4)3- ((Ni6Al2(AsO4)(OH)16.4H2O)  + (CO3)2-  
In this way the carbonate anion is replaced by the arsenate anion in the hydrotalcite 
structure.  This provides an effective means of the removal of hazardous anions from 
solution and replacement with carbonate anion. The spectrum of the hydroxyl 
stretching region for these two hydrotalcites are shown in Figure 4.  Three intense 
bands are observed for the arsenate-exchanged takovite at 3437, 3280 and 3028 cm-1 
with less intense bands observed at 3615 and 3544 cm-1.  In the infrared spectrum of 
the hydroxyl stretching region of the arsenate exchanged hydrotalcite, intense bands 
are observed at 3490, 3384, 3262 and 3142 cm-1 with bands of lesser intensity at 3659 
and 3595 cm-1.   The NIR spectrum of the arsenate exchanged hydrotalcite is broad 
compared with that of the arsenate exchanged takovite.  NIR bands are observed for 
the later at 7152, 7087, 6963, 6774 and 6764 cm-1.   Bands are observed at 7220, 
7141, 7061, 6875 and 6603 cm-1 for the arsenate exchanged hydrotalcite.  
 
 The spectral region from 4000 to 5500 cm-1 is made up of two parts the 4000 
to 4600 cm-1 region in which OH combination bands are to be found and the 4600 to 
5600 cm-1 in which water combination bands are observed.  Figure 5 displays the 
4000 to 5600 cm-1 region of stitchtite, iowaite and desautelsite and Figure 6 for the 
arsenate exchanged takovite and the arsenate exchanged hydrotalcite.  In the NIR 
spectrum of stitchtite, bands are observed for the water OH combination region at 
5319, 5214, 5095, 4981, and 4887 cm-1.   In the OH combination region bands were 
observed for stitchtite at 4460, 4411 and 4366 cm-1.  These bands are of quite low 
intensity.  Low intensity combination bands are also observed for iowaite at 4357, 
4290 and 4262 cm-1.   No bands were observed in this region for desautelsite.  The 
band profile for desautelsite in the water OH overtone region resembles that of 
takovite. Bands are observed at 5262, 5220, 5215, 5144, 5082 and 4921 cm-1.  bands 
are observed for iowaite at 5232, 5194, 5111, 5032, 4979 and 4825 cm-1.  Just as for 
the first fundamental overtone of the OH stretching region, the spectral profile in the 
water HOH combination region is like a continuum of states. No sharp spectral 
features are observed. The spectral profile of the 4600 to 5600 cm-1 region for the 
arsenate exchanged hydrotalcites is different from that of iowaite, stitchtite or 
desautelsite. The spectral profile is considerable narrower.  Bands are observed for the 
arsenate exchanged takovite at 5214, 5119, 5070, 4898 and 4773 cm-1.  For the 
arsenate exchanged hydrotalcite, bands are observed at 5253, 5187, 5054 and 4847 
cm-1. Combination bans are observed for the arsenate exchanged takovite at 4415 and 
4287 cm-1 and for the arsenate exchanged hydrotalcite at 4452 and 4368 cm-1.  
 
4. Conclusions 
 
 Near-IR spectroscopy is a technique, which has not been previously applied to 
the study of hydrotalcites.  Indeed hydrotalcites by their very nature, being composed 
of interlayer water and anions coordinated to a hydroxyl surface, lend themselves to 
study by NIR.  NIR reflectance techniques have proven must useful for the analysis of 
hydrotalcites. Three Near–IR spectral regions are identified: (a) the high wavenumber 
region between 6400 and 7400 cm-1 attributed to the first overtone of the hydroxyl 
stretching mode (b) the 4800-5400 cm-1 region attributed to water combination modes 
and (c) the 4000-4800 cm-1 region attributed to the combination of the stretching and 
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deformation modes of the MOH units of hydrotalcite.  The technique of near-IR 
spectroscopy for the study of hydrotalcites shows great potential for the understanding 
of the interactions between the surface hydroxyls and the interlayer anion.  In 
particular, whereas the overlap of the hydroxyl stretching frequencies of water and the 
MOH units overlap in the mid-IR, such overlap does not occur in the Near-IR.  
NIR spectroscopy enables the separation of these hydroxyl modes.   
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Table 1 Results of the Near-infrared spectral analysis of hydrotalcites 
 
Stichtite Iowaite Desautelsite Ni6Al2AsO4 HT Mg6Al2AsO4 HT 
Band Centre 
(cm-1) / 
Intensity (%) 
Band Centre 
(cm-1) / 
Intensity (%) 
Band Centre 
(cm-1) / 
Intensity (%) 
Band Centre 
(cm-1) / 
Intensity (%) 
Band Centre 
(cm-1) / 
Intensity (%) 
7456 / 0.36 
7246 / 0.35 
7151 / 3.88 
7069 / 3.09 
7017 / 3.81 
6890 / 11.53 
6633 / 8.13 
 
7250 / 1.20 
7191 / 3.78 
7080 / 18.02 
6857 / 19.07 
6595 / 3.31 
 
7082 / 3.89 
6939 / 8.03 
6788 / 10.84 
6557 / 6.79 
5620 / 0.28 
 
7152 / 0.41 
7087 / 4.31 
6963 / 8.66 
6774 / 0.88 
6764 / 5.26 
 
7220 / 0.55 
7141 / 1.78 
7061 / 5.73 
6875 / 19.46 
6603 / 11.00 
5614 / 0.33 
 
5932 / 0.12 
5646 / 0.28 
5319 / 0.29 
5214 / 16.11 
5095 / 31.17 
4981 / 3.98 
4887 / 12.91 
4755 / 2.03 
4556 / 0.08 
5571 / 0.53 
5232 / 0.73 
5194 / 18.64 
5111 / 13.09 
5032 / 10.95 
4947 / 5.88 
4825 / 2.17 
 
5262 / 3.69 
5220 / 0.01 
5215 / 17.21 
5144 / 9.99 
5082 / 27.69 
4921 / 11.58 
 
5214 / 20.00 
5119 / 5.79 
5070 / 32.65 
4898 / 10.96 
4773 / 2.34 
 
5253 / 5.34 
5187 / 19.22 
5054 / 28.86 
4847 / 7.27 
 
4460 / 0.18 
4411 / 1.25 
4366 / 0.46 
4357 / 1.35 
4290 / 1.24 
4262 / 0.04 
 4415 / 5.56 
4287 / 3.18 
 
4452 / 0.36 
4368 / 0.10 
 
3618 / 1.87 
3529 / 2.97 
3408 / 16.56 
3220 / 27.14 
2960 / 26.47 
 
3700 / 0.79 
3674 / 1.11 
3626 / 4.38 
3545 / 5.11 
3421 / 26.73 
3281 / 32.15 
3058 / 18.52 
2769 / 4.67 
3616 / 1.06 
3520 / 3.32 
3403 / 12.00 
3261 / 15.73 
3127 / 13.28 
2839 / 0.78 
2491 / 0.26 
 
3615 / 2.15 
3544 / 4.06 
3437 / 27.07 
3280 / 23.50 
3028 / 32.17 
 
3659 / 1.37 
3595 / 3.36 
3490 / 9.13 
3384 / 19.21 
3262 / 26.81 
3142 / 22.57 
2913 / 10.14 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
4000450050005500
Wavenumber /cm-1
K
u
be
lk
a
 
-
 
M
u
n
k
Ni6Al2(AsO4)(OH)16 . xH20
Mg6Al2(AsO4)(OH)16 . xH20
4415 cm-1
5070 cm-1
5187 cm-1
4847 cm-1
4898 cm-1
4287 cm-1
4452 cm-1
5054 cm-1
5214 cm-1
5253 cm-1
 
 
 
